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Information  concerning the paranetera and design variable8 
aFfecting an XACA eubmerged duct design ie presented. ple  prin- 
cipal variables  investigateJd include entrance width-tdpth ra t io ,  
ramp-wall divergence, ramp angle, and deflector eize. !l!emte were 
d.60 =de to show the effect of variation of boundaq-layer thick- 
ness and rampfloor contour. 

Preasure recovery at t h e  duct  entrance and sfter alight 
diffusion, peseure dietribution m e r  the lfp and remp, snd drag 
are given a8 functicms of the inlet relocity m t i o  of tbs entraace. 
An evaluation of the WCA eubmsrged entries indicates that aatis- 
f a c t o q  duct characterietfce mag be found for a lgpse of t h e  test 
variables. It appeara W t  an optbmn HACA submerged deeiep 
ehould eonploy curved  diverging ramp walls, 8 5' to 7" ramp angle, 
and a width-to-dspth ratio of frcen 3 to 5. The boundary-hyer 
thickness of the surface into which the inlet ia plaoed was fotu&+ 
to have a large effect on the pressure recavery. .- 

Possible  applicatione of this  type of inlet  and *eir 
particular advantages are dlacuesed. 

For the developaent of a eatiafactory  aik-Induction sgetem of 
an aircraft, several aerodynamic criteria muet be evaluated. in con- 
junction w i t h  thoee involving s t r u c t u r a l  design and install%tian. 
Aerodynamically, the agatem ahould not reduce the available e n e w  
of the entering air, the drag of the body into which it ie placed 
should not be increased, and the high-speed characteristics of the 
body or a i r c e t  ahould not deteriorate. Although, in practice, an 
air-induction egefem possibly does not meet all these requirements, 
the merits of a egetem can be determined by the degree to which it8 
oharacterietlcs approach the opthmu. 
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A previous inveetigatlon of an air intake submerged below the 5 
.a 

b e  eurPace (reference I) wae ergloratory in nature and wa8 meant " 
to indicate the trend for futare rereearch of this type inlet. llhie 
preeent report gfvea the r e ~ u l t ~  of more exteneive investigations of 
WSCA submerged duct  entrances  conducted at the Amem Aeranautical 
Labomtory. work includee further develo-t of certain con- 
f iguratiw found . to be desirable Prom prelfmlmry tests and the 
investigation of other design prametera not previously caneridered. 
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4 HACA 

The models included a -t;raasition section which LdimubRted an 
internal duct system with gradual diffusion. mis section started 
8 inches aft Df t h e  lip leading edge and for each model transformed 
from the rectmgular croes section of the submerged d u c ~  inlet to a 
cfrcu'ar crake section 3.25 inches in diameter. !I!he transition 
section was 36 inches long with a 1.35 expnsion in area, oonstant  
for all models. 
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Rakes of p s e u r e  tubes for messwing ram recovery were Located 
at tvo statione (fig. 2),  one at the duct  entrance and the other after 
diffusion in the 5.2+-lnch-diamster cfrcular section. Ple llrskes 

tubes and 4 static-pressure tubes. Them rake8 were mounted slightly 
b e h h d  the leading edge of the l i p  in each case at a etation where 
the lip inner contour faired into a conetant  section. The &e 
aft of the diffuser section had 33 t o t a l  pressure tube6 and 4 static- 
pressure tubes. The wind-tunnel air downstream of the i n l e t  m a  
surveyed by a series of individual rahee, located 8 inches d t  of the 
l i p  station, which cnmpletely  bracketed the wake caused by the 
entrance. Each of the individual rakes contained 15 tubes and were 
located at 8 sp~u~viee .stations. 

. .  c located a t  the entrance contained 64 evenly eprced to.f;al-pressure 

Pressure distributions were obtained from small flush stat ic-  
pressure oriffces  bullt into the submerged duct entrances al- the 
center lines of the lip and ramp and also along a sectlan of t h e  l i p  
1 inch from the sfde wall of the entrance. 

To aid i n  the ~ n d y e i s  of the data it was necessary to evaluate 
the existing testing conditions. 'The boundary layer of' t he  test 
section tunnel wall, memured at the duct-entrance station, is given 
on figure 8. It should be noted- that this boundary layer is consider- 
ably thicker than  would be normally expertenced if a submerged 
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2. Width-to-depth 

3. Rampangle 
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4. Ramp f loo r  shape 

5. Boundaq-layer thickness 

Because of the nature of the investigatian, the results and 
diecllasion of deflectors rn preeented seEe;rately from tihe other 
divieions at the conclusion of this section. 

Preesure Recovery 

On t h l e  type inlet the velocity distribution I s  not uniform 
mer the entrance area, and determining t h e  entrance lomes 
(Appendir A )  becames a difficult prrooess, Cansequently, a lrarge 
poZ'tiOn of the dah i 8  evetluated frat! caneidemtion of the p r e 6 S W  
recovery af'ter dfFfusion. Since the diffuser efflcienciee fraan 
bench testa are equal, a caqarisop, f o r  two inlet configurations, 
of the results after diffnsion is a dipect mBa6ure of thelr relative 
merita with respect t o  pressure recovery. 'Ilhis caap~rieon, of COWBB, 
includes the effect of the inlet on the d2ffuser efficiency. Entrance 
p s s m  recovery wgle obtained only for the most bnportant vdues of 
the design paramstem. 

Pressure Recovem after Diff 'uaion.-  

where the pretasure recoverg is increaeed 
. .- 

form, the process is appmntly one . 
* 



t 

c 

. 

EOACA RM No. A n 3 0  7 

Straight diver- 
gence No. 3 .e& 

0.70 

5s 

43 

.40 



8 IVACA IM BO. ~7130 

Since good prceseure recoverlee are obtained for diverging 
ramp over a wide mnge of Inlet velocity ratioa, this type of 
inlet should not be l l d t e d  to eyetems which have amall internal 
diffusion, but m4ay Include those w h i c h  dlffuae the air to a law 
velocity. It ehould be m ~ l z e d  win that these pressure- 
recovery value8 &re not the  mximm obtainable but represent 
only those avallable with the exietlng boun&ry-layer thickneee. 

1.2 . 
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The w e  of the h factor reeulted in e much closer appoxi- 
matian than any of the other boundary-layer parametere conaidered. 
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and are camp~red in figum 19 with thorn obtained fram bench testa.  
The difference between two eete of curve8 repsents  the effect 
of the  inlet on the diffuser efficiencies. 

In thie part o f  the investigation estiraatfms of the critical- 
egeed characteristic8 of the eubmerged duct entranoeer mre mnde fram 
an analysie of the pressure aietributia~ler mer the l i p  and ramp. 
The crf t ical  Mach numbere were estimated frca the peak low-epeed 
pressure coefficients by the Ghwh48ien method (reference 3) .  'Ihia 
method does not apply to thrcee-dimsnelonal f lm (reference 4) Just 
what corrections should be wed for the flaw around a eubmergsd. 
inlet ie not known, but ,  it l e  believed the result6 given by the 
method of refsrenoe 3 will be coneemative. 

m.- 'Phe crItical-8ped  ckraracterietics of t he  l i p  are dopemd- 
ent upon the inclination of the flow approaching the l i p .  A decreeae 
in the fnolinatfon of the flow is defined ae an angular change of 
the flm which cau~es  fhe etLtgastioa polnt to  move t m  the outaide 
~urfaoe of the l ip .  T!hw, adecreaee i n  the flm inclfnetion decreaeee 
the incremental velocity mer the outeide surface of the l ip,  and 
vice vena  for the inside surface. 

191e pressure dietribution over the l i p  %e given fn figure 20. 
H e r e  is shown the change in the ekgnatlcm point with W e t  relocity 
r a t i o  and the effect of this change on the peak negative preseure 
coefflcienta. Incmaeing the inlet velocity r a t i o  alwaye decrease0 
the inclination of the flow. 

!Che effects of ramp plan form on the critical-epeed churacter- 
iet ice of the l f p  are given in figure 21(a). W i t h  a normdivergent 
ramp there is no appreciable change in the flaw inclination across 
the entrance. For the lip eeation, 1 Inch frat the edge of the 
entrance,  diverging the ramp &le0 cawed poactically no variation 
fmm the data obtained w i t h  nondiverging walls. For the csntelc 
line section of the lip, hmever, dlvergfng the ramp cawed the 
stagnation  paint t o  m e  tcrward the ontside and oaneequently in- 
c m s e d  the cr i t ica l  Msch nrmiber for the flaw over the outside 
surface (fig. 21(a) ). %%is o a p a r i e o n  &ma that with a dlvergont 
.ramp there is a diatinct e a t i o n  acroaa the entrance of the angle 
of flav approaching the lip. The flat near the edge of the entrance 
has a more positive inclination and producee the largeat incremental 
velocftfee mer the outside eurfacs. 

!he effect of ramp angle on *e criticsl &ah rimer for the 
l i p  is a h m  fn figure 21(b). Ae would be anticipted, inCreesing 
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tihe map angle decreased t h e  flm fnclimtian. The data verify that 
f o r  the ramp angles tested there is a variatioas of me flaw bcUna- 
tfon acroes the entrance when a diverging rams is uaed. 

To correct for an undeslmble  angle of the flow agp3.oaching the 
l ip ,  the incidence of the l i p  mag be varied. The effect on critical 
Mach  number of changing the l i p  incidence frcm +O t o  +5O is ahown on 
figure 22 for three widtb-epth-ratio entrances w i t h  curved diver 
gence. B~lm an analgsie of these data, it sgpeare that f o r  many 
omfigurations the crit icd+ped  characterist ic8 00 the H p  w i l l  be 
inproved by giving the l i p  a negatim ( d m )  incidence. The unde- 

divergent ramp, may 00 be compnsated bg giving the lip 8 more 
negative  incidence near the edge of the entrance. Whether o r  not 
the l i p  incidence or m e r  should be varied across the entrance vlll 
depend on the cr i t ical  speed of the ai-. It ahould be noted 
that it 16 undesirable to give the l i p  a more negative incidence than 
is required. Although the crlt lcal4peed characterietice mag be 
improved at  the luuer inlet velocity retioe, the flow may eeparate 
from .the imide  surface at hi&er inlet velocity ratioe, causing an 
added 1088 i n  p a s u r e  recovery. 

sirable C-8 in f lm -8 aCrOB8 the inlet, W i t h  8 

-.- The pssure-dlatrfbution data obtained along the r a p  
- indicate that the inlet velocity ratio of the  entrance does not 

t- = aif ect the velocity fram 40 percent of the ramp length to the s t a r t  - 

- of the ramp (+percent statton, fig. 23(a) ) . The peak negative 
, pressure coefficient occurs forward of the &percent station fo r  

inlet velocityzatiosbelm 1.0, and, consequently, the cr3tictLL- 

inlet  velocity ratio. me pressure distribution forward of the 40- 
percent etatian uaa found t o  be a function of the plan form of the 
ramp walls and the p o f  ile of the ramp floor. 

- s p e d  C h a m C t 8 r f 8 t i C S  of t he  appear to be independent Q f  t he  

I -  

- 
L ” 

” - .  

The pTeS8- dietribution dong t he  Famp 56 &Ven in f igUre 
23(b) for three ramp plan forms. The effect of width-t&pth 
r a t i o  of the entrance and of ramp angle l e  given in figures 23(c) 
and 23(d),  reapectively. The c r i t i ca l  Mach nuniber f o r  the m p ,  88 
estimated from tihe pressure distribution, w i l l  be above 0.8 if the 
ramp angle does not exceed go. 

The ramp f loom f o r  the aforementioned t e s t a  vere all straight 
inclined surfaces. A cnmpmieon  between the pressure distributicms 
of the straight r a p  floor and a curved ramp floor is @veri an 
figure 24. The pressure gradient over the straight ramp appears to 
be more favorable for both p r a l l e l  and c w e d  divergent ramp walls . 
The reduction in  preeeure recovery which accampanied the more adverae 
pressure gradient of the curved ramp f l o o r  has been mantimed 
previously. It ala0 be seen that the straight ramp floor &Tea 
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lmer pea& iacramental velocities over the ramp than the curved ramp 
floor when divergent w a l l 6  used. The studies of ramp floor con- 
t ou r  in the present  inveatigation w e r e  limited i n  scope. A more 
fundamental study of the effect of the ramp pressure gradient on 
cr i t i ca l  speed and preseure recovery ahould be made. The rsmp floor 
should probably be designed so that the preeeure gradient w i l l  have 
the least s l o p  at the deeign In le t  velocity rrrtio. 

-. 
" 

* -- - .  

Drag of the submerged entmcee wae detemlned by sirrpeying the 
portIan of t&e air stream c o n t a u  the wake due to the inlet, and 
le equal to the difference in mmentum of the air stream, vith and 
without the duct lnetalled. The method of calculating the drag le 
given in  Appendix B. The drag coefficients based on duct-entmce 
area are preeanted in flgurce 25 for the veulioas configuratione, while 
figure 26 ehaws the tUetrlbution of the mamenturn loa8 aft of the 
entrasce . 

b 

In ull cases, the drag decreaeee a8 the inlet -velocity r a t i o  is 
inoreasad. Figu~?e 25(a) &awe that the drag increase6 as the dive> 
gence is increased. lhie  wae expcted, since a nondiverging ramp 
permite a larger portion of the boundazy-layer air to flow into the 
inlet. In gened ,  it appears that conflguratians which result in 
higher ram recove- ham larger attendant drags. The negative values 
of drag result frm the fact  that the loes i n  mcgaentum downstream of 
the entrance was lese than the loss due t o  the boundary layer that 
previously existed. Thie can be 88821 on figure 26. 

For the curved divergent ramp, the drag for m e t  uaable config- 
umtlosle should be quite low for the hlghdpeed and clinib f l ight  range. 
Assuming a w l n g - t t r e E % - ~ u c t t r a n c ~  ra t io  of 150, a typical 
C, due to a submereed duct in the high-ped att i tude would be 
appmximcztely frcua 0.0003 to 0.006. It ahould be remembered that 
t h e  effect of the duct w a k e  along the fuselage aft of the entrance 
l e  not included. 

D e f  lectore 

Deflectom, or ridges along the divergent contour of the 
entrance, have bean shown to increase the ram recovery vhen used 
w i t h  certain  inlet configuratfone and c d i t i i m s .  lhis series of 
tests was performsd t o  find the effect of deflector s i ze ,  and to 
evaluate the u8e of deflectors f o r  vazious inlet configurations. 
The cr i te r ia  u e d  for evaluation w e r e  the 8ame ae those for the 
principal lnveatlgaticm. 

- .  
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" .. It wae found that increasing the deflector length frcm 25 to 
' 50 percent of the ramp length caused the mo8t pronounced lncreaae 
in p~esaure recovery ( f ig .  27(a)), except for the 0.2>inch41lgh 
deflectors. Further increaees to 100 percent of the ramp length 
caused increases in the ram recovery only at inlet velocity ratios 
below about 0.8. Figure 27(b) a l s o  glvee the preesure recoveries for 
deflector height6 of 0.25, 0.50, 0.75, snd 1.00 Inch vhen tested at 
var?ious lengtha. 

.- 
- 
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0 -138 .123 0 088 1.0 

,120 -103 0 0 8 4  07 
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Figure 29(a) ehms the difference in ram recovery for varioue 
ramp glan f onns with and without deflectors . It ie apparent that 
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deflectors are not equally beneficial far all zwnps. !'&e increment 
of ram recovezy due to  deflectors  increased w i t h  increaeing divergence. 
W i t h  nondivergent (parallel) walls the improvament waa negligible. 

Tbe results of tests  t o  find the  effect of deflectors on ramp 
angle a m  shown in figure 29( b) - When these data are c a p r e d  with 
those f o r  simila~ C O n f i g u n % t i ~ ~ n 6  without  deflectors (fig. 1 2 )  it can 
be seen that deflectors are beneficial, fran the standpoint of ram 
FecoPery, f o r  all installations. A more comprehensive comparieon  of 
t h e  three w/d ratios teated can be obtained frau the croas plots of 
these data, given in  ffgure 30. Here is shown the p 8 8 W  recoven 
88 a function of the raxnp1engt;h term previously  derived. 

Pressure recoverg at the duct  entrance fs given in figure 31 
f o r  aeveral detflectomentraace conf'igurations. The trends &awn by 
these date a m  in good agreement with the analyEiita 8lread.y diecurraed. 

Deflectozw apparently increase the preeeure recoverg by aesist- 
ing the air  flowing outeide the ramp t o  follcn the diverging Contour 
af the s ide  walls. This prevente much of the cm6s flaw ai air over 
the top edge of the ramp wal l0  and also helm t o  divert more of the 
boundary layer around the entrrmcet. W i t h  rem to the eelectian of 
a deflector t o  give beet recoverg, it ehould be noted that results af 
other investigatione  (reference 2) clearly i n d i ~ ~ & d  -khat the require- 
mente f o r  deflectors are depndsnt upon the location of the entrance. 
It m e  found that when the entrance was placed in a reglon of thin 
boundarg layer, increasing the defleotor length from !j+ t o  100- 
percent ramp length caueed a definfte decrease of pressure recovery. 
It is probable that deflectors which extend the full length of the 
ramp should be wed only for thfck boundary-lapr ccmdltiaus. 

Although the w e  of deflectors results in higher pressure 
recoveq, it w a s  found that their  effect  was ecmawhat deteriorating 

' to drag chamcterfetics of the entrance. S i g u m  32 gives the drag 
for several inlet configwatians  with deflectore. C- these 
data with drag for eimilsr configurrrtiane  without deflectore (f lg. 
25) ahowe that deflectors increa~ed the drag f o r  all coaf igura t lma  
teetad when the air entern the inlet at a velocity mtio above 0.6. 
This cangarison aleo indlcatee the deflectors cawed the largeet 
drag for shallow entrances (w/d = 4.0 and 6.0) and steep ramp anglee 
where the gain i n  presslure recovery was the greateet, As would be 
expected, figure %(c) also shawe that increaeing the deflector size, 
both length and height,  increased the w. 

The pressure distribution over the ramp when deflectors &re wed 
is given in figure 33. Ccmprfeon tS them data w i t h  figure 23 
indicates that deflectors cause s o  addltian to  the inoremental 
velocitiee over the ramp. me crittcal-apeed  aha~acterietics of a e  
lip f o r  the curved diverging ramp, w i t h  aiid without deflectors, 



It should not be maintained that the eubmrged entrance is 
applicable aa an met f o r  all ducting installations,  bu-b it does 
have certain  characterietice in addition  to those plcgsented which 
make it particulaxly auited fo r  specific duct- applicatione. The 

aerodynamical cle8nnees by effecting mop8 faPor8W.e Fuselage contour 
lines and perhaps reducing the fuse-lagd frosltal area. 2319 structural 
orsaplerity of the  ducting eyetem ahauld be diminished and larger 
epElce provided f o r  internal campnents. %is typ of duct &auld 
ala0 reduce considerably the ingeetion of foreign meterial by ip 
ertia separation. 

U 8 Q  Of submerged inlets  Could, in 8- C 8 6 8 8 ,  metilt in greater 

.- 
A possible je”engine  installation  utilizing XACA submerged 

ducts is sham in figure 35. In this i l lustmtlon the 8ubrged- 
duct desiw ie centered around a single jet engine located In ~e 
fuselage aft of the pilot’s enclosure. Placement of the twin entries 
ahead of the w i n g  mhlmized the influence of the wings p a s u r e  field 
and situated tihe entry in a region of thin boundam wer (reference 
2). A w/& ratio of about 4 seamed advisable From internal space 
lfmltatiom, and a ~ ~ t m p  wing curved divergence together w i t h  a mmp 
angle b8tWen 5O or 7“ was eelected. This inetallaticm should give 
optimum pressure recovery, low ope-1 drag and an efficient 
internal-flow system, since the neceeeity for  sharp b a d 8  and rapid 
expaflsion6 have been eliminated. Reference 2 discusses a duct&lar 
in s t ab i l i t y  a t  could occur with thie type of installation. 

For a iq lanes  e m p l q i n g  two jet engines the necessity of using 
w2ng nacelles could often be eliminated by housing the engines aide 
by aide in the fuselage. The WLCA aubmrged inlet appears t o  be 
very adaptable to such an Inatallation. The use of single ducts 
leading ta each Jet engine would be similar i n  deaign and location 
t o  that shown in -the previoue illustration. With a single  duct 
leading to m e  jet engine, the flcnr instabi l i ty  previously mentioned 
could not occur. !DM short internal ducting of such an inatallation 
should r e s u l t  in minhnm lcsses, especially for engines w f t h  EX%- 
type ccanpressors. 

Certain types of missllee, vhich are pawered by Jet englnee in 



18 

t h e  fuselage and have no proplsion for landing gear, axe ideally 
adaptable f o r  an RACA submerged-duct sgetem. The s l r g l e  inlet could 
be placed on the underside af tbe fueelage and the inetallation would 
have the design and aerodynamic advantage mentioned previmely. 

- -. 
" . .J- 

Other applicatfma could include eoppB ducting eyeteme i n v o l v u  
cooling and carburetor air. If thie type of entranoe could be sub- 
st i tuted  for  the protruding ecooptgpe of inlet, the aerodynamic 
neatmas of the aircraft would be greatly enhanced. 

1. We boundam layer at the location of the submerged entrance 
w i l l  influence the IWU recovery. Due to the relatively thick tunnel 
boundary kyer into which the entrance was placed, it ie believed 
that the  preesure recoverfee prasented in  this report are lcrwer than 
could be expected f o r  most airplane instalktiom but that the con+ 
pud8on between cdigumtlozlls is valid.  

. +  2. S i p i f i c e a t  galne in  pree~sure recovery fo r  a wide range of' - *  
_. cosiiguratione resulted fraaa the u8e of the curved divergent ramp. 

!5ie is  especially true in the low inlet-velocity-ratio range, . 
5 5 0.9, where high preesw recovery ie met  necessarg. 
YO w 

_i y 3. The effect of width-4o-depth ra t io  w a s  greateet f o r  the 
! nondivergent (parallel) ramp walls.  Tbe best recove- f o r  this 

contYguration ocuurrect f o r  a w/a r a t i o  = 1 (square) entrance. AS 
the ramp-wdl divergeme increaees w/d r a t i o  haa l em effect, a d  
the square en* I s  inferior to moat rectangular entries. W i t h  
curved divergence the ram ,recovery increment due t o  change in u/d 
m t l o  is about half that w i t h  parallel walls. 

4. Ramp angle or, fn some cases, r a ~ g  length, had an out8 tand- 
ing effect 011 ram recovery. Ihe  d.etrimzen.tal effect of increasing 
rams angle beqame greater as the divergence wa8 incxwased. 

6. hod critical-epeed  characteristics can be obtained w i t h  
proper l i p  design. There is a eparnrlse change ia angle of attack of 
the l i p  when a diverging ramp is wed., and it nray be neceeaarg to 
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- I  t w i s t  the l i p ,  depnding OR the preee L e  field I n to  which t he  
" entrance is placed. 

- b  

Ames Aeronautical Laboratory, - National Advisorg CcmPgittee for Aeronautfce, 
h Moffett Field, Calif. 
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7. For most dersign conditions tlhe drag vae found to be emsEL. 
However, in the selecticrn of an optham configuration, the drag and 
ram mcoverg ehould be wetghsd.. In this respect, the w e  of 
def lectore may not always prove advantageous. 

A -  . "  

c 

If, as in the mo8t general case, the stream filaments for a 
eteady flaw m not assumed t o  have the m a m a  f l a w  energy, then the 
total preeeure for  a given veight oi fluid pessing a given section fe 
(reference 3) 
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h local t o t a l  head ! 

P local density 

a local &re8 

V local velocity 

2 number of equal amae ( e q d e  number of tube8 

Ill1 

For this applicatlon  eubecripte 1, 2, ei,c., demote local area8 
considered. 

. _  
8 
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or 

where one etatian ie in the free 8treaBL 

or 



It found that there were suffioient tubee 3n the mapluring rake 

80 that 8 Balue of - obtained w i t h  the aid of an integrating 

nancaaeter and eubetltuted in place of the integrale in equation (B6) 
gem very eatisfactory correlation w i t h  the poht4yipoint 
integration of equation (B4). 

m 
Qo 

To indloste how the submergedaUct-hFag dstelmrinatim was mde,  
it mi@t be beet to o m i d e r  a coplpariem between the drag of a nose 
inlet and af a eubrmsrged W e t  aa determined by manenturn e w e y e .  
Thie umpr ieon  ehould include the air flaw through the entrance to 
CorreBponding etatione at the jet-engine cconpreesor. What happane 
after this section  ie a function of the Jet-engine characterietica 
and doe8 not enter this di8CWSiOn. To simulate We preceding 
condition, consider that the a ir  after entsrbg the duct i e  rammed 
at right angles to the air etreaa 00 that there ie no mtwn of 
the ex i t  air in the drag direction. Then 

0 .  

. L  

* 
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Weually, for  the nosgTtype inlet, the mamentum of the entering air 
ie M e n  into account as part of the internal drag and subtracted 
out. To make a fair co~~prieon between the m8e and eubmerged M e t e  , 
f o r  a given Quantity of flow, the erame ram drag should be accounted 
f o r  in each case. Howeyer, f o r  condition, the ram drag of the 
a&mrged entrance it3 less than that for the nose inlet since air l e  
inducted which h e  almady received 8 loss of mcsnentUm, thie lose 
being equal t o  the second tern af the previous equation. If it i e  
aesumed  that the mamsntum of the enwring air ie (m&v0) for b o a  
inatallatlone and is aubtracted fKlnr each case, ~e drag becomes: 

For the nose inlet 

For the eubmbrgecl inlet 

n 

In an actual duct  application, the air f l o w  over the body with the 
duct entrance removed m e t  be considered, so th8t another term is 
necessary. The, final form of the equation used t o  evaluate the drag 
then becontee: 
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1. Frick, Charles U., Devis, Wallace F., Randall, Lsuroe M., and 
Moeem~n, Emmet A.: An Experimental Investigation of HACA 
Submerged-Duct Entrance8 . EACA ACB Ho. 5320, 1943. 
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FIGURE 5. - THE CUWki3 W P  FLOOR T&ST€D IN THIS INVESTE.4TION OF 77fE SUBM€R6€D D(ICT 
ENTRRNES . 4 
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FIGURE a - V~RIATION OF RRM RECOVERY R ~ T I O ,  ME~SURED R ~ R  THE LVFFUSER SECTION, 
WITH R8MP LEff iTH COEFF'CIENT FOR THREE WIDTH TO MPTH RRTIG5 W 7MENTR6WE.  
CURV€D DWEUOEW WITH LENGTH AND a75'HlGiH. 
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